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(54) System and method for performing on-chip selftesting 



(57) A method for determining whether a physical 
layer device under test is defective may include estab- 
lishing a closed communication path between a verified 
physical layer device and the physical layer device un- 
der test via an optical interface of the verified physical 
layerdevice and an optical interface of the physical layer 
device under test. Alternately, the electrical interface 
may also be used for testing. A packet generator may 



transmit test packets over the established closed com- 
munication path and at least a portion of the test packets 
from the physical layer device under test may be re- 
ceived by the verified physical layer device. Subse- 
quently, the verified physical layer device may compare 
at least a portion of the received test packets with at 
least a portion of the generated test packets in order to 
determine whether the physical layer device is defective 
or operational. 
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Description 

[0001] This application makes reference to, claims 
priority to and claims the benefit of United States Provi- 
sional Patent Application Serial No. 60/401 ,872 (Attor- 5 
ney Docket No. 13907US01 ) filed on August 7, 2002. 
[0002] This application also makes reference to U.S. 
Patent No. 6,424,194, U.S. application Serial No. 
09/540,243 filed on 3/31/2000, U.S. Patent No. 
6,389,092, U.S. Patent No. 6,340,899, U.S. application 10 
Serial No. 09/919,636 filed on 7/31/2001, U.S. applica- 
tion Serial No. 09/860,284 filed on 5/18/2001, U.S. ap- 
plication Serial No. 10/028,806 filed on 10/25/2001, U. 
S. application Serial No. 09/969,837 filed on 1 0/1/2001 , 

U.S. application Serial No. entitled "Phase 15 

Adjustment in High Speed CDR Using Current DAC" 
filed on 5/30/2002, U.S. application Serial No. 

entitled "Universal Single-Ended Parallel 

Bus; fka, Using 1.8V Power Supply in .13MM CMOS" 
filed on 6/21/2002, and U.S. application Serial No. 20 
60/402,097 entitled "SYSTEM AND METHOD FOR IM- 
PLEMENTING A SINGLE-CHIP HAVING A MULTIPLE 
SUB-LAYER PHY" filed on 8/7/2002 with attorney dock- 
et no. 13906US01. 

[0003] All of the above stated applications are incor- 25 
porated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0004] Embodiments of the present application relate 30 
generally to optical networking hardware, and more par- 
ticularly to a system and method for performing self-test- 
ing on a physical layer multimode device. 
[0005] High-speed digital communication networks 
over copper and optical fiber are used in many network 35 
communication and digital storage applications. Ether- 
net and Fiber Channel are two widely used communica- 
tion protocols which continue to evolve in response to 
increasing need for higher bandwidth in digital commu- 
nication systems. 40 
[0006] The Open Systems Interconnection (OSI) 
model (ISO standard) was developed to establish stand- 
ardization for linking heterogeneous computer and com- 
munication systems. It describes the flow of information 
from a software application of a first computer system 45 
to a software application of a second computer system 
through a network medium. The OSI model has seven 
distinct functional layers including Layer 7: an applica- 
tion layer; Layer 6: a presentation layer; Layer 5: a ses- 
sion layer; Layer 4: a transport layer; Layer 3: a network 50 
layer; Layer 2: a data link layer; and Layer 1: a physical 
layer. Importantly, each OSI layer describes certain 
tasks which are necessary for facilitating the transfer of 
information through interfacing layers and ultimately 
through the network. Notwithstanding, the OSI model 55 
does not describe any particular implementation of the 
various layers. 

[0007] OSI layers 1 to 4 generally handle network 



control and data transmission and reception. Layers 5 
to 7 handle application issues. Specificfunctions of each 
layer may vary depending on factors such as protocol 
and interface requirements or specifications that are 
necessary for implementation of a particular layer. For 
example, the Ethernet protocol may provide collision de- 
tection and carrier sensing in the data link layer. 
[0008] Layer 1, the physical layer, is responsible for 
handling all electrical, optical, opto-electrical and me- 
chanical requirements for interfacing to the communica- 
tion media. Notably, the physical layer may facilitate the 
transfer of electrical signals representing an information 
bitstream. The physical layer may also provide services 
such as, encoding, decoding, synchronization, clock da- 
ta recovery, and transmission and reception of bit 
streams. In high bandwidth applications having trans- 
mission speeds of the order of Gigabits, high-speed 
electrical, optical and/or electro-optical transceivers 
may be used to implement this layer. 
[0009] As the demand for higher data rates and band- 
width requirements continues to increase, transmission 
rates of the order of 1 0 Gigabits and higher is being de- 
veloped for high-speed network applications. Accord- 
ingly, there is a need to develop a 10 Gigabit physical 
layer device that may facilitate such high-speed serial 
data applications. For example, XENPAK multi-source 
agreement (MSA) defines a fiber optical module that 
conforms to the well-known IEEE standard for 1 0 Giga- 
bit Ethernet (GbE) physical media dependent (PMD) 
types. In this regard, XENPAK compatible transceivers 
may be used implement the physical layer. Notwith- 
standing, there is a need fortransceivers, which are nec- 
essary for 10 Gigabit physical layer applications. The 
well-known IEEE P802.3ae draft 5 specifications de- 
scribes the physical layer requirements for 10 Gigabit 
Ethernet applications and is incorporated herein by ref- 
erence in its entirety. 

[0010] An optical-based transceiver, for example, 
may include various functional components such as 
clock data recovery, clock multiplication, serialization/ 
de-serialization, encoding/decoding, electrical/optical 
conversion, descrambling, media access control 
(MAC), controlling, and data storage. These functional 
components may be implemented in a separate chip or 
and integrated circuit (IC). 

[0011] The proliferation of physical layer devices de- 
signed to meet the needs of high speed communication 
will, without a doubt, give rise to the need for testing 
these devices. The testing of ICs or chips may often in- 
volve the application of one or more test signals to the 
inputs of the chip and capturing the output signals by an 
external device. The external device may typically store 
and compare the captured outputs against expected 
outputs that are known to be accurate. In this regard, 
defective chips may be detected when the captured out- 
put signals are inconsistent with the expected outputs. 
[0012] Testing a chip by applying input signals and 
capturing of outputs by an external device may become 
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difficult as the data rate of the chip increases. To simu- 
late operational conditions, the external device must ap- 
ply the input signals and capture the outputs at the op- 
erational data rate of the chip. Testing optical transceiv- 
ers may be challenging because of the high speeds at 
which these devices operate. Accordingly, a need exists 
for testing physical layer multimode devices that may 
operate at speeds of the order of about 1 0 Gbps. 
[0013] Further limitations and disadvantages of con- 
ventional and traditional approaches will become appar- 
ent to one of skill in the art, through comparison of such 
systems with the present invention as set forth in the 
remainder of the present application with reference to 
the drawings. 

BRIEF SUMMARY OF THE INVENTION 

[0014] The invention provides a method and system 
for performing on-chip self-testing for a 10 Gigabit mul- 
timode physical layer device. In one aspect of the inven- 
tion, a method for determining whether a physical layer 
device under test is defective is provided. The method 
may include establishing a closed communication path 
between a verified physical layer device and the physi- 
cal layer device under test via an optical interface of the 
verified physical layer device and an optical interface of 
the physical layer device under test. Test packets may 
then be generated for communication over the estab- 
lished closed communication path and at least a portion 
of the test packets from the physical layer device under 
test may be received by the verified physical layer de- 
vice. Subsequently, the verified physical layer device 
may compare at least a portion of the received test pack- 
ets with at least a portion of the generated test packets 
in order to determine whether the physical layer device 
is defective. The verified physical layer device and the 
physical layer device undertest may be initialized to op- 
erate in one of a 10 Gigabit Ethernet mode or a fibre 
channel mode, or any combination thereof. 
[0015] In accordance with one aspect of the invention, 
the step of establishing a closed communication path 
mayfurther include the step of connecting an optical out- 
put of the verified physical layer device to an optical in- 
put of the physical layer device under test. This may in- 
clude connecting an optical transmit path of the verified 
physical layer device to an optical receive path of the 
physical layer device under test. Additionally, an optical 
receive path of the verified physical layer device may be 
connected to an optical transmit path of the physical lay- 
er device under test. The physical layer device under 
test may be configured to operate in loopback mode. 
The configuration step may further include the step of 
connecting an electrical receive path of the physical lay- 
er device under test to an electrical transmit path of the 
physical layer device under test. Subsequent to estab- 
lishing the closed communication path, the generating 
step may further include the step of transmitting the gen- 
erated test packets from the verified physical layer de- 



vice overthe closed communication path to the physical 
layer device under test. 

[0016] During the comparing step, if at least a select- 
ed portion of the received test packets are not equivalent 

5 to a corresponding selected portion of the generated 
test packets, the physical layer device under test may 
be identified as being defective. Additionally, if at least 
a selected portion of the received test packets is equiv- 
alent to a corresponding selected portion of the gener- 

10 ated test packets, then the physical layer device under 
test may be identified as being operational. 
[0017] In another aspect of the invention, a method 
for determining whether a physical layer device under 
test is defective is provided. The method may include 

15 the step of establishing a closed communication path 
between a verified physical layer device and the physi- 
cal layer device under test via an electrical interface of 
the verified physical layer device and an electrical inter- 
face of the physical layer device undertest. Test packets 

20 may subsequently be generated .for communication 
over the established closed communication path. At 
least a portion of the test packets may be received from 
the physical layer device undertest. Additionally, at least 
a portion of the received test packets may be compared 

25 with at least a portion of the generated test packets in 
order to determine whether the physical layer device is 
defective. The verified physical layer device and the 
physical layer device undertest may be initialized to op- 
erate in one of a 10 Gigabit Ethernet mode or a fibre 

30 channel mode, or any combination thereof. 

[0018] The step of establishing the closed communi- 
cation path may further include the step of connecting 
an electrical output of the verified physical layer device 
to an electrical input of the physical layer device under 

35 test. The connecting step may further include the step 
of connecting an electrical transmit path of the verified 
physical layer device to an electrical receive path of the 
physical layer device undertest. Additionally, an electri- 
cal receive path of the verified physical layer device may 

40 be connected to an electrical transmit path of the phys- 
ical layer device under test. The physical layer device 
under test may be configured to operate in loopback 
mode. This may include connecting an optical receive 
path of the physical layer device under test to an optical 

45 transmit path of the physical layer device under test. 
Subsequent to establishing the closed communication 
path, the generating step may further include the step 
of transmitting the generated test packets from the ver- 
ified physical layer device overthe closed communica- 

50 tion path to the physical layer device under test. 

[0019] During the comparing step, if at least a select- 
ed portion of the received test packets are not equivalent 
to a corresponding selected portion of the generated 
test packets, the physical layer device under test may 

55 be identified as being defective. Additionally, if at least 
a selected portion of the received test packets is equiv- 
alent to a corresponding selected portion of the gener- 
ated test packets the physical layer device under test 
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may be identified as being operational. The verified 
physical layer device and the physical layer device un- 
der test may be initialized to operate in one of a 1 0 Gi- 
gabit Ethernet mode or a fibre channel mode, or any 
combination thereof. 

[0020] A further aspect of the invention provides a 
system for determining whether a physical layer device 
under test is defective. The system may include means 
for establishing a closed communication path between 
a verified physical layer device and the physical layer 
device under test via an optical interface of the verified 
physical layer device and an optical interface of the 
physical layer device under test. Means for generating 
test packets for communication over the established the 
closed communication path and means for receiving at 
least a portion of the test packets from the physical layer 
device under test may also be provided. In order to de- 
termine whether the physical layer device is defective, 
means for comparing at least a portion of the received 
test packets with at least a portion of the generated test 
packets may also me provided. 

[0021] In accordance with one aspect of the invention, 
the means for establishing the closed communication 
path may further include means for connecting an opti- 
cal output of the verified physical layer device to an op- 
tical input of the physical layer device under test. The 
connecting means may further include means for con- 
necting an optical transmit path of the verified physical 
layer device to an optical receive path of the physical 
layer device under test. Additionally, the connecting 
means may also include means for connecting an opti- 
cal receive path of the verified physical layer device to 
an optical transmit path of the physical layer device un- 
der test. The physical layer device under test may be 
configured to operate in loopback mode. 
[0022] The configuring means may further include 
means for connecting an electrical receive path of the 
physical layer device under test to an electrical transmit 
path of the physical layer device under test. The gener- 
ating means may further include means for transmitting 
the generated test packets from the verified physical lay- 
er device over the closed communication path to the 
physical layer device under test. 

[0023] The comparing means may further include 
means for identifying the physical layer device under 
test as defective if at least a selected portion of the re- 
ceived test packets are not equivalent to a correspond- 
ing selected portion of the generated test packets. Ad- 
ditionally, the comparing means may further include 
means for identifying the physical layer device under 
test as operational if at least a selected portion of the 
received test packets is equivalent to a corresponding 
selected portion of the generated test packets. 
[0024] In yet a further aspect of the invention, a sys- 
tem for determining whether a physical layer device un- 
der test is defective is provided. The system may include 
means for establishing a closed communication path 
between a verified physical layer device and the physi- 



cal layer device under test via an electrical interface of 
the verified physical layer device and an electrical inter- 
face of the physical layer device under test. Means for 
generating test packets for communication over the es- 

5 tablished closed communication path and means for re- 
ceiving at least a portion of the test packets from the 
physical layer device under test may also be included. 
In order to determine whether the physical layer device 
is defective, means for comparing at least a portion of 

10 the received test packets with at least a portion of the 
generated test packets may be provided. The verified 
physical layer device and the physical layer device un- 
der test may be initialized to operate in one of a 10 Gi- 
gabit Ethernet mode or a fibre channel mode, or any 

15 combination thereof. 

[0025] The means for establishing the closed commu- 
nication path may further include for connecting an elec- 
trical output of the verified physical layer device to an 
electrical input of the physical layer device under test. 

20 The connecting means may further include means for 
connecting an electrical transmit path of the verified 
physical layer device to an electrical receive path of the 
physical layer device under test. Additionally, means for 
connecting an electrical receive path of the verified 

25 physical layer device to an electrical transmit path of the 
physical layer device under test may also be provided. 
The physical layer device under test may be configured 
to operate in loopback mode. The configuring means 
may further include means for connecting an optical re- 

30 ceive path of the physical layer device under test to an 
optical transmit path of the physical layer device under 
test. The generating means may further include means 
for transmitting the generated test packets from the ver- 
ified physical layer device over the closed communica- 

35 tion path to the physical layer device under test. 

[0026] The comparing means may further include 
means for identifying the physical layer device under 
test as defective if at least a selected portion of the re- 
ceived test packets are not equivalent to a correspond- 

40 jng selected portion of the generated test packets. Fi- 
nally, the comparing means may further include means 
for identifying the physical layer device under test as op- 
erational if at least a selected portion of the received test 
packets is equivalent to a corresponding selected por- 

45 tion of the generated test packets. 

[0027] In yet a further aspect of the invention, a sys- 
tem for determining whether a physical layer device un- 
der test is defective is also provided. The system may 
include a connectorfor establishing a closed communi- 

50 cation path between a verified physical layer device and 
the physical layer device under test via an optical inter- 
face of the verified physical layer device and an optical 
interface of the physical layer device under test. A pack- 
et generator may be configured to generate test packets 

55 for communication over the established closed commu- 
nication path and a receiver may be configured to re- 
ceive at least a portion of the test packets from the phys- 
ical layer device under test. In orderto determine wheth- 
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erthe physical layer device is defective, a packet check- 
er may compare at least a portion of the received test 
packets with at least a portion of the generated test 
packets. The verified physical layer device and the 
physical layer device undertest may be initialized to op- 
erate in one of a 10 Gigabit Ethernet mode or a fibre 
channel mode, or any combination thereof. 
[0028] The connector may further include an output 
port for connecting an optical output of the verified phys- 
ical layer device to an optical input port of the physical 
layer device under test. Additionally, the connector may 
further include a connector for connecting an optical 
transmit path of the verified physical layer device to an 
optical receive path of the physical layer device under 
test. The connector may also include a connector that 
may facilitate connecting an optical receive path of the 
verified physical layer device to an optical transmit path 
of the physical layer device undertest. 
[0029] The physical layer device under test may be 
configured to operate in loopback mode. The configura- 
tion device may further include a connector that may 
connect an electrical receive path of the physical layer 
device under test to an electrical transmit path of the 
physical layer device under test. The packet generator 
may also include a transmitter, which may be configured 
to transmit the generated test packets from the verified 
physical layer device over the closed communication 
path to the physical layer device under test. The packet 
checker may further include a processor that may be 
configured to identify the physical layer device under 
test as defective if at least a selected portion of the re- 
ceived test packets are not equivalent to a correspond- 
ing selected portion of the generated test packets. Ad- 
ditionally, the processor may also be configured to iden- 
tify the physical layer device under test as operational if 
at least a selected portion of the received test packets 
is equivalent to a corresponding selected portion of the 
generated test packets. 

[0030] In yet still a further aspect of the invention, a 
system for determining whether a physical layer device 
undertest is defective is also provided. The system may 
include a connector for establishing a closed communi- 
cation path between a verified physical layer device and 
the physical layer device under test via an electrical in- 
terface of the verified physical layer device and an elec- 
trical interface of the physical layer device under test. A 
packet generator may be included for generating test 
packets for communication over the established closed 
communication path. A receiver in the system may be 
configured to receive at least a portion of the test pack- 
ets from the physical layer device undertest. In order to 
determine whether the physical layer device is defec- 
tive, a packet checker for comparing at least a portion 
of the received test packets with at least a portion of the 
generated test packets. The verified physical layer de- 
vice and the physical layer device under test may be 
initialized to operate in one of a 10 Gigabit Ethernet 
mode or a fibre channel mode, or any combination 



thereof. 

[0031] The connector may further include an output 
port for connecting an electrical output of the verified 
physical layer device to an electrical input of port the 

5 physical layer device under test. In this regard, the con- 
nector may further include a connecting device for con- 
necting an electrical transmit path of the verified physi- 
cal layer device to an electrical receive path of the phys- 
ical layer device undertest. Additionally, the connector 

10 may also include a connecting device for connecting an 
electrical receive path of the verified physical layer de- 
vice to an electrical transmit path of the physical layer 
device under test. 

[0032] The physical layer device under test may be 

15 configured to operate in loopback mode. In this regard, 
the configuration device may further include a connector 
for connecting an optical receive path of the physical lay- 
er device under test to an optical transmit path of the 
physical layer device undertest. 

20 [0033] The packet generator may further include a 
transmitter that may be configured for transmitting the 
generated test packets from the verified physical layer 
device overthe closed communication path to the phys- 
ical layer device under test. The packet checker may 

25 further include a processor which may be configured for 
identifying the physical layer device undertest as defec- 
tive if at least a selected portion of the received test 
packets are not equivalent to a corresponding selected 
portion of the generated test packets. The processor 

30 may also be configured to identify the physical layer de- 
vice under test as operational if at least a selected por- 
tion of the received test packets is equivalent to a cor- 
responding selected portion of the generated test pack- 
ets. 

35 [0034] According to an aspect of the invention, a 
method for determining whether a physical layer device 
undertest is defective is provided, the method compris- 
ing: 

40 establishing a closed communication path between 
a verified physical layer device and the physical lay- 
er device under test via an optical interface of said 
verified physical layer device and an optical inter- 
face of the physical layer device undertest; 
45 generating test packets to be communicated over 
said established closed communication path; 
receiving at least a portion of said test packets from 
the physical layer device undertest; and 
comparing at least a portion of said received test 
50 packets with at least a portion of said generated test 

packets, to determine whether said physical layer 
device under test is defective. 

[0035] Advantageously, said establishing step further 
55 comprises connecting an optical output of said verified 
physical layer device to an optical input of said physical 
layer device under test. 

[0036] Advantageously, said connecting step further 
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comprises: 

connecting an optical transmit path of said verified 
physical layer device to an optical receive path of 
the physical layer device under test; and 
connecting an optical receive path of said verified 
physical layer device to an optical transmit path of 
the physical layer device under test. 

[0037] Advantageously, the method further compris- 
es configuring the physical layer device under test to op- 
erate in loopback mode. 

[0038] Advantageously, said configuring step further 
comprises connecting an electrical receive path of the 
physical layer device under test to an electrical transmit 
path of the physical layer device under test. 
[0039] Advantageously, said generating step further 
comprises transmitting said generated test packets from 
said verified physical layer device over said closed com- 
munication path to the physical layer device under test. 
[0040] Advantageously, said comparing step further 
comprises: 

identifying the physical layer device under test as 
defective if at least a selected portion of said re- 
ceived test packets are not equivalent to a corre- 
sponding selected portion of said generated test 
packets; and 

identifying the physical layer device under test as 
operational if at least a selected portion of said re- 
ceived test packets is equivalent to a corresponding 
selected portion of said generated test packets. 

[0041] Advantageously, the method further compris- 
es initializing said verified physical layer device and said 
physical layer device under test to operate in a 10 Gi- 
gabit Ethernet mode. 

[0042] Advantageously, the method further compris- 
es initializing said verified physical layer device and said 
physical layer device under test to operate in a fibre 
channel mode. 

[0043] According to another aspect of the invention, 
a method for determining whether a physical layer de- 
vice under test is defective is provided, the method com- 
prising: 

establishing a closed communication path between 
a verified physical layer device and the physical lay- 
er device under test via an electrical interface of 
said verified physical layer device and an electrical 
interface of the physical layer device under test; 
generating test packets to be communicated over 
said established closed communication path; 
receiving at least a portion of said test packets from 
the physical layer device under test; and 
comparing at least a portion of said received test 
packets with at least a portion of said generated test 
packets, to determine whether said physical layer 



device under test is defective. 

[0044] Advantageously, said establishing step further 
comprises connecting an electrical output of said veri- 
5 fied physical layer device to an electrical input of said 
physical layer device under test. 

[0045] Advantageously, said connecting step further 
comprises: 

10 connecting an electrical transmit path of said veri- 
fied physical layer device to an electrical receive 
path of the physical layer device under test; and 
connecting an electrical receive path of said verified 
physical layer device to an electrical transmit path 
15 of the physical layer device under test. 

[0046] Advantageously, the method further compris- 
es configuring the physical layer device undertestto op- 
erate in loopback mode. 

20 [0047] Advantageously, said configuring step further 
comprises connecting an optical receive path of the 
physical layer device under test to an optical transmit 
path of the physical layer device under test. 
[0048] Advantageously, said generating step further 

25 comprises transmitting said generated test packets from 
said verified physical layer device over said closed com- 
munication path to the physical layer device under test. 
[0049] Advantageously, said comparing step further 
comprises: 

30 

identifying the physical layer device under test as 
defective if at least a selected portion of said re- 
ceived test packets are not equivalent to a corre- 
sponding selected portion of said generated test 
35 packets; and 

identifying the physical layer device under test as 
operational if at least a selected portion of said re- 
ceived test packets is equivalent to a corresponding 
selected portion of said generated test packets. 

40 

[0050] Advantageously, the method further compris- 
es initializing said verified physical layer device and said 
physical layer device under test to operate in a 10 Gi- 
gabit Ethernet mode. 
45 [0051] Advantageously, the method further compris- 
es initializing said verified physical layer device and said 
physical layer device under test to operate in a fibre 
channel mode. 

[0052] According to another aspect of the invention, 
50 a system for determining whether a physical layer de- 
vice under test is defective is provided, the system com- 
prising: 

means for establishing a closed communication 
55 path between a verified physical layer device and 

the physical layer device under test via an optical 
interface of said verified physical layer device and 
an optical interface of the physical layer device un- 
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der test; 

means for generating test packets to be communi- 
cated over said established closed communication 
path; 

means for receiving at least a portion of said test 5 
packets from the physical layer device under test; 
and 

means for comparing at least a portion of said re- 
ceived test packets with at least a portion of said 
generated test packets, to determine whether said 10 
physical layer device under test is defective. 

[0053] Advantageously, said establishing means fur- 
ther comprises means for connecting an optical output 
of said verified physical layer device to an optical input 15 
of said physical layer device under test. 
[0054] Advantageously, said connecting means fur- 
ther comprises: 



[0055] Advantageously, the system further comprises 
means for configuring the physical layer device under 
test to operate in loopback mode. 30 
[0056] Advantageously, said configuring means fur- 
ther comprises means for connecting an electrical re- 
ceive path of the physical layer device under test to an 
electrical transmit path of the physical layer device un- 
der test. 35 
[0057] Advantageously, said generating means fur- 
ther comprises means for transmitting said generated 
test packets from said verified physical layer device over 
said closed communication path to the physical layer 
device under test. 40 
[0058] Advantageously, said comparing means fur- 
ther comprises: 

means for identifying the physical layer device un- 
der test as defective if at least a selected portion of 45 
said received test packets are not equivalent to a 
corresponding selected portion of said generated 
test packets; and 

means for identifying the physical layer device un- 
der test as operational if at least a selected portion 50 
of said received test packets is equivalent to a cor- 
responding selected portion of said generated test 
packets. 

[0059] Advantageously, said verified physical layer 55 
device and said physical layer device under test oper- 
ates in a 10 Gigabit Ethernet mode. 
[0060] Advantageously, said verified physical layer 



device and said physical layer device under test oper- 
ates in a fibre channel mode. 

[0061] According to another aspect of the invention, 
a system for determining whether a physical layer de- 
vice under test is defective is provided, the system com- 
prising: 

means for establishing a closed communication 
path between a verified physical layer device and 
the physical layer device under test via an electrical 
interface of said verified physical layer device and 
an electrical interface of the physical layer device 
under test; 

means for generating test packets to be communi- 
cated over said established closed communication 
path; 

means for receiving at least a portion of said test 
packets from the physical layer device under test; 
and 

means for comparing at least a portion of said re- 
ceived test packets with at least a portion of said 
generated test packets, to determine whether said 
physical layer device under test is defective. 

[0062] Advantageously, said establishing means fur- 
ther comprises means for connecting an electrical out- 
put of said verified physical layer device to an electrical 
input of said physical layer device under test. 
[0063] Advantageously, said connecting means fur- 
ther comprises: 

means for connecting an electrical transmit path of 
said verified physical layer device to an electrical 
receive path of the physical layer device under test; 
and 

means for connecting an electrical receive path of 
said verified physical layer device to an electrical 
transmit path of the physical layerdevice undertest. 

[0064] Advantageously, the system further comprises 
means for configuring the physical layer device under 
test to operate in loopback mode. 
[0065] Advantageously, said configuring means fur- 
ther comprises means for connecting an optical receive 
path of the physical layer device under test to an optical 
transmit path of the physical layer device under test. 
[0066] Advantageously, said generating means fur- 
ther comprises the means for transmitting said generat- 
ed test packets from said verified physical layer device 
oversaid closed communication path to the physical lay- 
er device under test. 

[0067] Advantageously, said comparing means fur- 
ther comprises: 

means for identifying the physical layer device un- 
der test as defective if at least a selected portion of 
said received test packets are not equivalent to a 
corresponding selected portion of said generated 
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means for connecting an optical transmit path of 20 
said verified physical layer device to an optical re- 
ceive path of the physical layer device under test; 
and 

means for connecting an optical receive path of said 
verified physical layer device to an optical transmit 25 
path of the physical layer device under test. 
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test packets; and 

means for identifying the physical layer device un- 
der test as operational if at least a selected portion 
of said received test packets is equivalent to a cor- 
responding selected portion of said generated test 
packets. 

[0068] Advantageously, said verified physical layer 
device and said physical layer device under test oper- 
ates in a 10 Gigabit Ethernet mode. 
[0069] Advantageously, said verified physical layer 
device and said physical layer device under test oper- 
ates in a fibre channel mode. 

[0070] According to another aspect of the invention, 
a system for determining whether a physical layer de- 
vice undertest is defective is provided, the system com- 
prising: 

a connector for establishing a closed communica- 
tion path between a verified physical layer device 
and the physical layer device under test via an op- 
tical interface of said verified physical layer device 
and an optical interface of the physical layer device 
under test; 

a packet generatorfor generating test packets to be 
communicated over said established closed com- 
munication path; 

a receiver for receiving at least a portion of said test 
packets from the physical layer device under test; 
and 

a packet checker for comparing at least a portion of 
said received test packets with at least a portion of 
said generated test packets, to determine whether 
said physical layer device under test is defective. 

[0071] Advantageously, said connector further com- 
prises an output port for connecting an optical output of 
said verified physical layer device to an optical input port 
of said physical layer device undertest. 
[0072] Advantageously, said connector further com- 
prises: 

a connector for connecting an optical transmit path 
of said verified physical layer device to an optical 
receive path of the physical layer device undertest; 
and 

a connector for connecting an optical receive path 
of said verified physical layer device to an optical 
transmit path of the physical layer device undertest. 

[0073] Advantageously, the system further comprises 
means for configuring the physical layer device under 
test to operate in loopback mode. 
[0074] Advantageously, said configuration device fur- 
ther comprises a connector for connecting an electrical 
receive path of the physical layer device under test to 
an electrical transmit path of the physical layer device 
under test. 



[0075] Advantageously, said packet generator further 
comprises a transmitter for transmitting said generated 
test packets from said verified physical layer device over 
said closed communication path to the physical layer 
5 device under test. 

[0076] Advantageously, said packet checker further 
comprises: 

a processor for identifying the physical layer device 
10 under test as defective if at least a selected portion 

of said received test packets are not equivalent to 
a corresponding selected portion of said generated 
test packets; and 

said processor for identifying the physical layer de- 
15 vice under test as operational if at least a selected 
portion of said received test packets is equivalent 
to a corresponding selected portion of said gener- 
ated test packets. 

20 [0077] Advantageously, said verified physical layer 
device and said physical layer device under test oper- 
ates in a 10 Gigabit Ethernet mode. 
[0078] Advantageously, said verified physical layer 
device and said physical layer device under test oper- 

25 ates in a fibre channel mode. 

[0079] According to another aspect of the invention, 
a system for determining whether a physical layer de- 
vice undertest is defective is provided, the system com- 
prising: 

30 

a connector for establishing a closed communica- 
tion path between a verified physical layer device 
and the physical layer device undertest via an elec- 
trical interface of said verified physical layer device 
35 and an electrical interface of the physical layer de- 
vice under test; 

a packet generatorfor generating test packets to be 
communicated over said established closed com- 
munication path; 
40 a receiver for receiving at least a portion of said test 
packets from the physical layer device under test; 
and 

a packet checker for comparing at least a portion of 
said received test packets with at least a portion of 
45 said generated test packets, to determine whether 
said physical layer device undertest is defective. 

[0080] Advantageously, said connector further com- 
prises an output port for connecting an electrical output 
50 of said verified physical layerdevice to an electrical input 
of port said physical layer device under test. 
[0081] Advantageously, said connector further com- 
prises: 

55 a connecting device for connecting an electrical 
transmit path of said verified physical layer device 
to an electrical receive path of the physical layer de- 
vice under test; and 
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a connecting device for connecting an electrical re- 
ceive path of said verified physical layer device to 
an electrical transmit path of the physical layer de- 
vice under test. 

[0082] Advantageously, the system further comprises 
a configuration device for configuring the physical layer 
device under test to operate in loopback mode. 
[0083] Advantageously, said configuration device fur- 
ther comprises a connectorfor connecting an optical re- 
ceive path of the physical layer device under test to an 
optical transmit path of the physical layer device under 
test. 

[0084] Advantageously, said packet generator further 
comprises a transmitter for transmitting said generated 
test packets from said verified physical layer device over 
said closed communication path to the physical layer 
device under test. 

[0085] Advantageously, said packet checker further 
comprises: 

a processor for identifying the physical layer device 
under test as defective if at least a selected portion 
of said received test packets are not equivalent to 
a corresponding selected portion of said generated 
test packets; and 

said processor for identifying the physical layer de- 
vice under test as operational if at least a selected 
portion of said received test packets is equivalent 
to a corresponding selected portion of said gener- 
ated test packets. 

[0086] Advantageously, said verified physical layer 
device and said physical layer device under test oper- 
ates in a 10 Gigabit Ethernet mode. 
[0087] Advantageously, said verified physical layer 
device and said physical layer device under test oper- 
ates in a fibre channel mode. 

[0088] These and other advantages, aspects and 
novel features of the present invention, as well as details 
of an illustrated embodiment thereof, will be more fully 
understood from thefollowing description and drawings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE 
DRAWINGS 

[0089] FIG. 1 is a block diagram of an exemplary 
transceiver module in accordance with an embodiment 
of the present invention. 

[0090] FIG. 2 is a block diagram of an exemplary sin- 
gle-chip multimode multi-sublayer PHY used in the 
transceiver module of Fig. 1 in accordance with an em- 
bodiment of the present invention. 
[0091] FIG. 3 is a block diagram of an exemplary test 
packet stream generated by the single-chip multimode 
multi-sublayer PHY of FIG. 2 in accordance with an em- 
bodiment of the present invention. 
[0092] FIG. 4 is a block diagram of an exemplary con- 



figuration for optical link testing of a device under test 
using the single-chip multimode multi-sublayer PHY of 
FIG. 2 in accordance with an embodiment of the present 
invention. 

5 [0093] FIG. 5 is a flow diagram describing optical link 
testing in accordance with an embodiment of the 
present invention. 

[0094] FIG. 6 is a block diagram of an exemplary con- 
figuration for electrical interface testing of a device un- 
10 der test using the single-chip multimode multi-sublayer 
PHY of FIG. 2 in accordance with an embodiment of the 
present invention. 

[0095] FIG. 7 is a flow diagram describing electrical 
interface testing in accordance with an embodiment of 
15 the present invention. 

DETAILED DESCRIPTION 

[0096] FIG. 1 is a block diagram of an exemplary 

20 transceiver module 100 in accordance with one aspect 
of the invention. Referring to FIG. 1, there is also illus- 
trated a computer system 105, a MAC controller 120, a 
MAC controller interface 115, an optical network 110, a 
single-chip multimode multi-sublayer PHY device 130, 

25 an electrically erasable programmable read only mem- 
ory (EEPROM) 140, an optical transmitter 125a and op- 
tical receiver 1 25b. Transceiver module 1 00 may be an 
integrated device, which may include the single-chip 
multimode multi-sublayer PHY device 130, the EEP- 

30 ROM 140, the optical transmitter 125a and the optical 
receiver 125b. Computer system 105 may interface with 
MAC controller 1 20 through the medium access control- 
ler interface 115 and may communicate with the optical 
network 110 through the transceiver module 100. 

35 [0097] Transceiver module 1 00 may be configured to 
communicate, namely transmit and receive, data be- 
tween a computer system 105 and an optical network 
110. The data transmitted and/or received may be for- 
matted in accordance with the well-known OSI protocol 

40 standard. The OSI model partitions operability and func- 
tionality into seven distinct and hierarchical layers. Gen- 
erally, each layer in the OSI model is structured so that 
it may provide a service to the immediately higher inter- 
facing layer. For example, layer 1 provides services to 

45 layer 2 and layer 2 provides services to layer 3. The data 
link layer, layer 2, may include a medium access control 
(MAC) layer whose functionality may be handled by a 
MAC controller 120. MAC controller 120 may be inter- 
faced to computer system 105 via the MAC interface 

50 115. in this regard, MAC controller 120 may be config- 
ured to implement the well-known IEEE 802. 3ae Gigabit 
Ethernet protocol. 

[0098] In the arrangements of FIG. 1, the computer 
system 105 may represent the layer 3 and above, the 
55 MAC controller 120 may represent layer 2 and above 
and the transceiver module 1 00 may represent layer 1 . 
The computer system 105 may be configured to build 
the five highest functional layers for data packets that 
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are to be transmitted overthe optical network 110. Since 
each layer in the OSI model may provide a service to 
the immediately higher interfacing layer, the MAC con- 
troller 120 may provide the necessary services to the 
computer system 105 to ensure that packets are suita- 
bly formatted and communicated to the transceiver 
module 100. During transmission, each layer may add 
its own headerto the data passed on from the interfacing 
layer above it. However, during reception, a compatible 
device having a similar OSI stack may strip off the head- 
ers as the message passes from the lower layers up to 
the higher layers. 

[0099] The transceiver module 100 may be config- 
ured to handle all the physical layer requirements, which 
may include, but is not limited to, packetization, seriali- 
zation/deserialization (SERDES) and data transfer. 
Transceiver module 100 may operate at a plurality of 
data rates, which may include 10 Gbps. Data packets 
received by the transceiver module 1 00 from MAC con- 
troller 120 may include data and header information for 
each of the above six functional layers. The transceiver 
module 100 may be configured to encode data packets 
that are to be transmitted over the optical medium of the 
optical network 110. The transceiver module 100 may 
also be configured to decode data packets received 
from the optical network 110. 

[0100] The MAC controller 120 interfaces with the sin- 
gle-chip multimode multi-sublayer PHY 1 30 of the trans- 
ceiver module 100 through a 10 Gbps Ethernet attach- 
ment unit interface (XAUI) 135. The XAUI is a low pin 
count device having a self-clocked bus, which directly 
evolved from lower data rate protocols. The XAUI may 
function as an extender interface for a 10 Gigabit media 
independent interface (XMGII). The XAUI may utilize a 
plurality of serial data lanes on each of its receive 135a 
and transmit 135b sections to achieve compatible 10 
GbE operational speeds. Notably, the XAUI may be ar- 
ranged as two, 4-bit interfaces, each with four serial 
lines, thereby achieving about 10 Gbps throughput. In 
accordance with the embodiments of FIG. 1 , XAUI 135a 
may be configured to transmit data from the MAC con- 
troller 120 to the single-chip multimode multi-sublayer 
PHY 130. Additionally, XAUI 135b may be configured to 
transmit data from the single-chip multimode multi-sub- 
layer PHY 130 to the MAC controller 120. 
[0101] The single-chip multimode multi-sublayer PHY 
130 may support multiple modes of operation. In this re- 
gard, the single-chip multimode multi-sublayer PHY 1 30 
may be configured to operate in one or more of a plu- 
rality of communication modes. Each communication 
mode may implement a different protocol. These com- 
munication modes may include, but are not limited to, 
10 GbE, fibre channel and other similar protocols. The 
single-chip multimode multi-sublayer PHY 130 may be 
configured to operate in a particular mode of operation 
upon initialization or during operation. 
[0102] The single-chip multimode multi-sublayer PHY 
130 may also include a fully integrated serialization/de- 



serialization device, which may be configured to operate 
at speeds of 1 0 Gbps. During transmission, the single- 
chip multimode multi-sublayer PHY 130 may serialize 
the data received over the 4-bit XAUI 135a and trans- 

5 mits the data as a single 10 Gbps stream to the optical 
PMD 125a. During reception, the single-chip multimode 
multi-sublayer PHY 130 may de-serialize a single 10 
Gbps signal from the optical PMD 125 and transmit the 
data as, for example, a 4-bits x 3.125 Gbps datastream 

10 over XAUI 135b. 

[0103] The optical PMD 125 may include at least one 
transmit optical PMD 125a and at least one receive op- 
tical PMD 125b. In operation, optical PMD 125 may re- 
ceive data from and transmit data to the optical network 

15 110. The optical transmitter 125a may transmit data 
originating from the computer system 105 overthe op- 
tical network 110. The optical receiver 125b may receive 
data destined for computer system 1 05 from the optical 
network 110 and transmit the data to the computer sys- 

20 tern 105. The optical PMD 125 may also be configured 
to function as an electro-optical interface. In this regard, 
electrical signals may be received by optical transmitter 
125a and transmitted as optical signals overthe optical 
networks 110. Additionally, optical signals may be re- 

25 ceived by optical receiver 1 25b and transmitted as elec- 
trical signals to the computer system 105. 
[0104] The transceiver module 100 may also include 
EEPROM 140. EEPROM such as EEPROM 140 are 
well known in the art. EEPROM 140 may be pro- 

30 grammed with information including parameters and/or 
code that may effectuate the operation of the single-chip 
multimode multi-sublayer PHY 130. The parameters 
may include configuration data and the code may in- 
clude operational code such as firmware, although it 

35 should be recognized that the information is not limited 
in this regard. 

[0105] Referring now to FIG. 2, there is illustrated a 
block diagram of an exemplary single-chip multimode 
multi-sublayer PHY 130, in accordance the present in- 

40 vention. The single-chip multimode multi-sublayer PHY 
130 may include a XAUI receiver 205, a XAUI transmit- 
ter 210, a PMDtransmitter215, and a PMD receiver220 
for receiving and transmitting data. The single-chip mul- 
timode multi-sublayer PHY 130 may further include a 

45 digital core 225 for serializing and deserializing (SER- 
DES) received data. The digital core 225 may include a 
packet generator 225a and a packet checker 225b. 
[0106] In operation, data from the XAUI 1 35a may be 
received at XAUI receiver 205, serialized by the digital 

50 core 225, and transmitted as a single 10 Gbps datast- 
ream by the PMD transmitter 215. This may be consid- 
ered the transmit path. Data from the optical PMD re- 
ceiver 125b may be received at PMD receiver 220, de- 
serialized by the digital core 225, and transmitted as, for 

55 example, 4-bit x 3.125 Gbps streams by the XAUI re- 
ceiver 210. This may be considered the receive path. 
[0107] The packet generator 225a and the packet 
checker 225b may be configured to execute a built-in 
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self testing (BIST) for the single-chip multimode multi- 
sublayer PHY 130. In operation, the packet generator 
225a may generate test packets that may be transmitted 
to a device under test. The test packets may then be 
received by the packet checker 225b from the device 5 
under test. The packet checker 225b may maintain a 
copy of the test packets, known as the expected pack- 
ets. The packet checker 225b may compare the test 
packets received from the device under test to the ex- 
pected packets. The device under test may be defective 10 
or malfunctioning if a comparison shows that the re- 
ceived test packets are inconsistent with the expected 
packets. The single-chip multimode multi-sublayer PHY 
130 may be configured to support BIST in two different 
modes. Namely, an optical link testing mode and elec- 15 
trical interface testing mode. 

[0108] Referring now to FIG. 3, there is illustrated a 
block diagram describing an exemplary test packet 
stream 300 which may be generated by the packet gen- 
erator 225a, in accordance with one embodiment of the 20 
present invention. The test packet stream 300 may in- 
clude any number of test packets 305 and inter-packet 
gaps 310 inserted between the test packets 305. The 
test packets 305 include a start of packet sequence 
305a, followed by a header 305b, a data portion 305c, 25 
and an end of packet sequence 305d. However, the in- 
vention is not limited in this regard. 
[0109] FIG. 4 is a block diagram 400 of an exemplary 
configuration for optical link testing of a device under 
test using the single-chip multimode multi-sublayer PHY 30 
in accordance with the embodiments of FIG. 2. Refer- 
ring now to FIG. 4, there is illustrated a block diagram 
of a verified or golden test chip 350a configured for test- 
ing a device undertest 350c using the optical linktesting 
mode, in accordance with one embodiment of the 35 
present invention. The verified test chip 350a may in- 
clude a single-chip multimode multi-sublayer PHY 
whose operation without defect has been thoroughly 
verified. The operation of the verified test chip 350a may 
be verified by intense testing, including both internal and 40 
external testing by various test equipment. The time and 
cost of verifying the operation of a verified test chip 350a 
is often justifiable because very few verified test chips 
350a may be used to simply and quickly test a large 
number of devices under test 355. 45 
[0110] Alternatively, a verified test chip 350a may be 
a previous device under test, which passed a test with- 
out error and has been classified as being operational. 
The device under test 350c may include a single-chip 
multimode multi-sublayer PHY. The device under test 50 
350c may have, but does not require, the BIST function- 
ality. In this regard, the packetgenerator225d and pack- 
et checker 225e are not critical to the embodiments of 
FIG. 4. Alternatively, it should be recognized the devices 
255d and 255e may be disabled. When devices 255d 55 
and 255e may be disabled, then signals may merely 
pass through these devices unaltered or the devices 
may be bypassed. In another aspect of the invention, 



packet checker 225e may be adapted to provide further 
fault isolation. In this regard, packet checker 225e may 
be configured to distinguish between failures that may 
occur in any one or more of the device undertest 350c, 
the electrical loopback 365 and the optical channel 
360b. 

[0111] The device under test 350c and the verified 
test chip 350a may be connected by an optical link 360. 
The optical link 360 may include a first electrical/optical 
interface 360a, an optical channel 360b, and a second 
electrical/optical interface 360c. The electrical/optical 
interfaces 360a, 360c may include, for example, optical 
PMDs. The optical channel 360b may include an optical 
fiber. The first electrical/optical interface 360a may be 
connected to the PMD transmitter 21 5 and the PMD re- 
ceiver 220 of the verified test chip 350. The second elec- 
trical/optical interface 360c may be connected to the 
PMD transmitter215c and the PMD receiver220c of the 
device under test 350c. Additionally, the device under 
test 350c may include an electrical loopback 365 con- 
necting the XAUI receiver 205 and the XAUI transmitter 
210 in the device under test 355. The loopback may be 
achieved by, for example, a connection such as a bus 
or wire, or by configuring one or more registers in the 
device that permits operation in a loopback mode. 
[01 12] The configuration in FIG. 4 may establish a test 
path 370 originating from the packet generator 225a to 
the device under test 350c and finally to the packet 
checker 225b. The test path 370 may include the receive 
and transmit paths of the device under test 350c. The 
test path 370 may start at the verified test chip's packet 
generator 225 and may include, PMD transmitter 215, 
optical link 360, the device under test's PMD receiver 
220c, digital core 225c, XAUI transmitter 210c, the elec- 
trical loop back 365, the XAUI receiver 205c, digital core 
225c, PMD transmitter 21 5c, optical link 360, the verified 
test chip's PMD receiver220, and finally end at the pack- 
et checker 225b. A defect within any module in the de- 
vice under test 350c, may therefore be detected. Ac- 
cordingly, a defect in any one or more of the PMD re- 
ceiver 220c, digital core 225, XAUI transmitter 210c, 
XAUI receiver 205c, PMD transmitter 215c, will corrupt 
data sent by packet generator 225 and received by the 
packet checker 225b. Packet checker 225b when it 
compares a portion of or all of the received packets with 
the transmitted packets may detect the corrupted data. 
[0113] Referring now to FIG. 5, there is illustrated a 
flow diagram describing electrical interface testing of a 
device undertest, in accordance with the embodiments 
of FIG. 4. Referring nowto FIG. 5, in step 570, the packet 
generator 225a may generate test packets within the 
verified test chip 350a. In step 575, the test packets may 
be encoded and serialized by the digital core 225 within 
the verified test chip 350a. In step 580, the test packets 
may be transmitted over PMD transmitter 215 via the 
optical link 360 to the device under test 350c. The test 
packets transmitted to the device under test 350c may 
be transmitted along the receive path, which may in- 
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elude PMD receiver 220c, digital core 225c, and XAUI 
transmitter 210c, electrical loopback 365, the transmit 
path which may include XAUI receiver 205c, digital core 
225c, and PMD transmitter 215c, and the optical link 
360. 

[0114] In step 585, the test packets may be received 
from the optical link 360 by the verified test chip 350. In 
step 590, the test packets may be de-serialized and de- 
coded by the digital core 225. In step 595, the de-seri- 
alized and decoded test packets may be compared 
against the expected packet. If the test packets are in- 
consistent with the expected packets, the device under 
test 355 is defective. 

[0115] FIG. 6 is a block diagram 600 of an exemplary 
configuration for electrical interface testing of a device 
under test using the single-chip multimode multi-sub- 
layer PHY in accordance with the embodiments of FIG. 
2. Referring now to FIG. 6, there is illustrated a block 
diagram of a verified test chip 650a configured for test- 
ing a device under test 650c using the electrical inter- 
face testing mode, in accordance with one embodiment 
of the present invention. The device undertest 650c and 
the verified test chip 650a may be connected by a first 
electrical interface 670 and a second electrical interface 
675. The first electrical interface 670 may be connected 
to the XAUI transmitter 610 of the verified test chip 650a 
and the XAUI receiver 605c of the device under test 
650c. The second electrical interface 675 may be con- 
nected to the XAUI transmitter 210c of the device under 
test 650c and the XAUI receiver 605 of the verified test 
chip 650. Additionally, the device under test 650c may 
include an optical loopback connection 660c, which may 
connect the PMD transmitter 615c and the PMD receiv- 
er 620c in the device undertest 650c. The loopback may 
be achieved by, for example, a connection such as a 
bus or wire, or by configuring one or more registers in 
the device that permits operation in a loopback mode. 
[0116] The foregoing configuration may establish a 
test path 680 originating from the packet generator 
625a, through the device under test 650c and back to 
the packet checker 625b of the verified test chip 650a. 
The test path 680 may include the receive and transmit 
paths of the device under test 650c and is illustrated with 
dashed lines 680 for clarity. The test path 680 may in- 
clude the verified test chip's packet generator 625a, 
XAUI transmitter 610, electrical interface 670, XAUI re- 
ceiver 605c, digital core 625, PMD transmitter 61 5c, op- 
tical loopback 660c, the device undertest's PMD receiv- 
er 620c, digital core 625c, XAUI transmitter 61 0c, elec- 
trical interface 680, XAUI receiver 605 and packet 
checker 625b. Accordingly, a defect lying in any of the 
modules in the device under test 650c, including XAUI 
receiver 605c, digital core 625c, PMD transmitter 61 5c, 
PMD receiver 620c and XAUI transmitter 610c may be 
detected. 

[0117] A defect in any one or more of the, XAUI re- 
ceiver 605c, digital core 625c, PMD transmitter 615c, 
PMD receiver 620c and XAUI transmitter 61 0c will cor- 



rupt data sent by packet generator 625a and received 
by the packet checker 625b. Packet checker 625b when 
it compares a portion of or all of the received packets 
with the transmitted packets may detect the corrupted 

5 data. The device under test may be configured to oper- 
ate in either a 10 GbE orfibre channel mode during test- 
ing although the invention is not limited in this regard. 
[0118] Referring now to FIG. 7, there is illustrated a 
flow diagram describing electrical interface testing of a 

10 device under test, in accordance with the embodiments 
of FIG. 6. In step 705, the packet generator 625a may 
generate test packets within the verified test chip 650a. 
In step 710, the test packets may be encoded and de- 
serialized by the digital core 625 within the verified test 

15 chip 650. Instep 715, XAUI transmitter 610 may transmit 
the test packets over the electrical interface 670 to the 
device under test 650c. The test packets transmitted to 
the device undertest 650c may be transmitted along the 
transmit path, which may include XAUI receiver 605c, 

20 digital core 625c, PMD transmitter 615c, optical loop- 
back 660c, and the receive path which may include PMD 
receiver 620c, digital core 625c, XAUI transmitter 610c 
and electrical interface 675. In step 720, the test packets 
may be received from the electrical interface 675 by the 

25 verified test chip 500. In step 725, the test packets may 
be serialized and decoded by the digital core 625. In 
step 730, the serialized and decoded test packets may 
be compared against the expected packets. If the test 
packets are inconsistent with the expected packets, the 

30 device under test 650c is defective. The device under 
test may be configured to operate in either a 10 GbE or 
fibre channel mode although the invention is not limited 
in this regard. 

[0119] While the invention has been described with 
35 reference to certain embodiments, it will be understood 
by those skilled in the art that various changes may be 
made and equivalents may be substituted without de- 
parting from the scope of the invention. In addition, 
many modifications may be made to adapt a particular 
40 situation or material to the teachings of the invention 
without departing from its scope. Therefore, it is intend- 
ed that the invention not be limited to the particular em- 
bodiment disclosed, but that the invention will include 
all embodiments falling within the scope of the append- 
45 ed claims. 



Claims 

50 1. A method for determining whether a physical layer 
device undertest is defective, the method compris- 
ing: 

establishing a closed communication path be- 
55 tween a verified physical layer device and the 

physical layer device under test via an optical 
interface of said verified physical layer device 
and an optical interface of the physical layerde- 
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vice under test; 

generating test packets to be communicated 
over said established closed communication 
path; 

receiving at least a portion of said test packets 5 
from the physical layer device under test; and 
comparing at least a portion of said received 
test packets with at least a portion of said gen- 
erated test packets, to determine whether said 
physical layer device under test is defective. 10 

2. The method according to claim 1 , wherein said es- 
tablishing step further comprises connecting an op- 
tical output of said verified physical layer device to 
an optical input of said physical layer device under 15 
test. 



3. The method according to claim 2, wherein said con- 
necting step further comprises: 

20 

connecting an optical transmit path of said ver- 
ified physical layer device to an optical receive 
path of the physical layer device undertest; and 
connecting an optical receive path of said ver- 
ified physical layer device to an optical transmit 25 
path of the physical layer device undertest. 

4. The method according to claim 1, wherein further 
comprising configuring the physical layer device un- 
der test to operate in loopback mode. 30 

5. The method according to claim 4, wherein said con- 
figuring step further comprises connecting an elec- 
trical receive path of the physical layer device under 
test to an electrical transmit path of the physical lay- 35 
er device under test. 

6. The method according to claim 1 , wherein said gen- 
erating step further comprises transmitting said 
generated test packets from said verified physical 40 
layer device over said closed communication path 

to the physical layer device undertest. 

7. A method for determining whether a physical layer 
device undertest is defective, the method compris- 45 
ing: 



comparing at least a portion of said received 
test packets with at least a portion of said gen- 
erated test packets, to determine whether said 
physical layer device under test is defective. 

8. The method according to claim 7, wherein said es- 
tablishing step further comprises connecting an 
electrical output of said verified physical layer de- 
vice to an electrical input of said physical layer de- 
vice under test. 

9. A system for determining whether a physical layer 
device under test is defective, the system compris- 
ing: 

means for establishing a closed communica- 
tion path between a verified physical layer de- 
vice and the physical layer device under test 
via an optical interface of said verified physical 
layer device and an optical interface of the 
physical layer device undertest; 
means for generating test packets to be com- 
municated over said established closed com- 
munication path; 

means for receiving at least a portion of said 
test packets from the physical layer device un- 
der test; and 

means for comparing at least a portion of said 
received test packets with at least a portion of 
said generated test packets, to determine 
whether said physical layer device undertest is 
defective. 

10. The system according to claim 9, wherein said es- 
tablishing means further comprises means for con- 
necting an optical output of said verified physical 
layer device to an optical input of said physical layer 
device under test. 

11. The system according to claim 10, wherein said 
connecting means further comprises: 

means for connecting an optical transmit path 
of said verified physical layer device to an op- 
tical receive path of the physical layer device 
under test; and 

means for connecting an optical receive path of 
said verified physical layer device to an optical 
transmit path of the physical layer device under 
test. 

12. The system according to claim 9, further comprising 
means for configuring the physical layer device un- 
der test to operate in loopback mode. 

13. The system according to claim 12, wherein said 
configuring means further comprises means for 
connecting an electrical receive path of the physical 



establishing a closed communication path be- 
tween a verified physical layer device and the 
physical layerdevice undertest via an electrical 50 
interface of said verified physical layer device 
and an electrical interface of the physical layer 
device under test; 

generating test packets to be communicated 
over said established closed communication 55 
path; 

receiving at least a portion of said test packets 
from the physical layer device undertest; and 
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layer device under test to an electrical transmit path 
of the physical layer device under test. 

14. The system according to claim 9, wherein said gen- 
erating means further comprises means for trans- 5 
mitting said generated test packets from said veri- 
fied physical layer device over said closed commu- 
nication path to the physical layer device under test. 

15. A system for determining whether a physical layer 10 
device under test is defective, the system compris- 
ing: 

means for establishing a closed communica- 
tion path between a verified physical layer de- 15 
vice and the physical layer device under test 
via an electrical interface of said verified phys- 
ical layer device and an electrical interface of 
the physical layer device under test; 
means for generating test packets to be com- 20 
municated over said established closed com- 
munication path; 

means for receiving at least a portion of said 
test packets from the physical layer device un- 
der test; and 25 
means for comparing at least a portion of said 
received test packets with at least a portion of 
said generated test packets, to determine 
whethersaid physical layerdevice undertest is 
defective. 30 

16. The system according to claim 15, wherein said es- 
tablishing means further comprises means for con- 
necting an electrical output of said verified physical 
layer device to an electrical input of said physical 35 
layer device under test. 

17. The system according to claim 16, wherein said 
connecting means further comprises; 

40 

means for connecting an electrical transmit 
path of said verified physical layer device to an 
electrical receive path of the physical layer de- 
vice under test; and 

means for connecting an electrical receive path 45 
of said verified physical layer device to an elec- 
trical transmit path of the physical layerdevice 
under test. 

18. A system for determining whether a physical layer 50 
device under test is defective, the system compris- 
ing: 



physical layerdevice undertest; 
a packet generator for generating test packets 
to be communicated over said established 
closed communication path; 
a receiver for receiving at least a portion of said 
test packets from the physical layer device un- 
der test; and 

a packet checker for comparing at least a por- 
tion of said received test packets with at least 
a portion of said generated test packets, to de- 
termine whether said physical layer device un- 
der test is defective. 

19. The system according to claim 18, wherein said 
connector further comprises an output port for con- 
necting an optical output of said verified physical 
layer device to an optical input port of said physical 
layer device under test. 

20. A system for determining whether a physical layer 
device under test is defective, the system compris- 
ing: 

a connector for establishing a closed commu- 
nication path between a verified physical layer 
device and the physical layer device under test 
via an electrical interface of said verified phys- 
ical layer device and an electrical interface of 
the physical layer device under test; 
a packet generator for generating test packets 
to be communicated over said established 
closed communication path; 
a receiver for receiving at least a portion of said 
test packets from the physical layer device un- 
der test; and 

a packet checker for comparing at least a por- 
tion of said received test packets with at least 
a portion of said generated test packets, to de- 
termine whether said physical layer device un- 
der test is defective. 

21. The system according to claim 20, wherein said 
connector further comprises an output port for con- 
necting an electrical output of said verified physical 
layer device to an electrical input of port said phys- 
ical layer device under test. 



20 
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a connector for establishing a closed commu- 
nication path between a verified physical layer 55 
device and the physical layerdevice undertest 
via an optical interface of said verified physical 
layer device and an optical interface of the 
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Generate test packets within 
the verified test chip 



Encode and serialize test packets within 
the verified test chip 



Transmit test packets over PMD optical 
link to device under test 



Receive test packets back at verified test chip after 
electrically looping back though device under test 



De-serialize and decode received test packets within 
the verified test chip 



Compare the received test packets against the 
transmitted test packets 



FIG. 5 
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Generate test packets within 
the verified test chip 



720 



725 



730 
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715- 



Encode and serialize test packets within 
verified test chip 



Transmit test packets over XAUI electrical 
interface to device under test 



Receive test packets back at verified test chip after 
optically looping back though device under test 



De-serialize and decode test packets within the verified 

test chip 



Compare the received test packets against the 
transmitted test packets 



FIG. 7 
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